The usefulness of drugs to treat plaque regression is assessed by intravascular ultrasound (IVUS); however, the impact of plaque regression on clinical outcomes in patients with acute coronary syndrome (ACS) has not been established; therefore, we investigated the relationship between coronary plaque regression and long-term clinical outcomes. Methods: We analyzed data from 86 patients who underwent percutaneous coronary intervention (PCI) and who were assessed in detail at baseline and at 6 months of follow-up by measuring proximal non-culprit sites of PCI lesions using volumetric IVUS. Patients were divided according to changes in plaque volume over 6 months into one group with plaque regression (n 55; 64.0%) and another with progression (n 31; 36.0%). They were followed up observationally for a mean of 1,736 days. Results: Baseline characteristics at the time of ACS were similar between the groups. The probability of event-free survival was significantly higher in the regression group than in the progression group as estimated by the Kaplan-Meier method (Log-rank test, p 0.032). Furthermore, the Cox hazards model revealed the relative contribution of plaque regression as a predictor of cardiovascular events (hazard ratio: 0.26; 95% CI, 0.07 to 0.83; p 0.023). Conclusions: Plaque regression determined by volumetric IVUS over a period of 6 months was associated with a lower rate of cardiovascular events among patients with ACS. This study also demonstrated that plaque regression could be a surrogate marker of future cardiovascular events. J Atheroscler Thromb, 2011; 18:231-239.
of plaque regression as an endpoint in clinical trials would be enhanced if a close association between regression and future clinical events could be illustrated; however, the relationship between plaque burden determined by IVUS and future cardiovascular events has not been defined.
The ESTABLISH trial demonstrated a beneficial effect of atorvastatin on plaque regression over a period of 6 months in patients with acute coronary syndrome (ACS)
Introduction
Data derived from intravascular ultrasound (IVUS) have provided important insights into the progression of atherosclerosis and remodeling in the arterial wall 1, 2) . In addition, volumetric findings of plaque change using IVUS have served as a clinical endpoint of pharmacological interventions in clinical trials [3] [4] [5] [6] [7] [8] . Furthermore, IVUS meta-analysis has demonstrated that statins promote significant coronary plaque regression as assessed by IVUS 9) . The validity outcomes after ACS. Thus, the present study investigated whether short-term plaque regression can become a surrogate endpoint and long-term predictor of clinical outcomes in patients with ACS.
Methods

Study Protocol
This observational cohort study included patients with ACS who were treated with PCI and underwent a complete sequential IVUS evaluation over a period of 6 months (the Extended-ESTABLISH: IVUS study). The objective was to assess the long-term clinical impact of changes in coronary plaque. The Extended-ESTABLISH trial, which was an extended version of the ESTABLISH trial, has been described in detail [10] [11] . The Extended-ESTABLISH follow-up (n 180) demonstrated that starting atorvastatin therapy within 48 h of ACS onset followed by intensive lipid-lowering therapy for 6 months is associated with a reduced incidence of long-term cardiovascular events in patients with ACS after PCI.
The inclusion criteria for the present study was a change in the proximal site from an ACS culprit lesion that could be precisely measured by IVUS. We considered that plaque on the proximal side of a coronary artery leads to more adverse cardiac events than that on the distal side in clinical practice 12) . We also considered that plaque evaluation on the proximal side is more useful than that on the distal side for PCI under IVUS guidance, because taking the IVUS catheter to the distal side is more complicated and invasive during acute-phase treatment. Thus, this study estimated the impact of plaque volume, particularly in the proximal coronary artery segment, on long-term clinical outcomes.
We defined regression as a decrease or no change in plaque volume from baseline, and progression as an increase in the amount of plaque. Patients were assigned to either a regression or progression group and their long-term clinical outcomes from the viewpoint of follow-up IVUS were compared. Structured lipid management of all patients was discontinued after an IVUS examination at 6 months; thereafter, the attending physicians administered all patients with statins to achieve and maintain LDL-C values as close to 100 mg/dL as possible 13) . All baseline data were used at the time of ACS onset in each patient. Our institutional review board approved this study and each patient provided written informed consent to participate in the follow-up.
End Points
The primary endpoint was the first occurrence of major adverse cardiac and cerebrovascular events (MACCE), namely, all-cause death, recurrent ACS and stroke. We defined ACS as high-risk unstable angina, non-ST-elevated myocardial infarction (MI) or ST-elevated MI. An increase ( ≥ 2-fold) in serum creatine phosphokinase and troponin T positivity indicated a diagnosis of MI. Moreover, recurrent ACS was defined as AMI and unstable angina requiring emergency hospitalization for either PCI or coronary artery bypass grafting. Stroke was diagnosed based on the presence of a neurologic deficit that was confirmed by computed tomography or magnetic resonance imaging.
Outcome data were collected by serial contact with the patients or their families until March 2008. The medical records of patients who died or who were treated at our hospital were analyzed. Other institutions that admitted patients provided details and causes of MACCE.
IVUS Examination and Analysis
All IVUS images were acquired as described using a 40-MHz, 2.9 F system (Boston Scientific) at baseline and follow-up 10) . After the intracoronary administration of nitroglycerin (0.2 mg), an ultrasound catheter was positioned ≥ 10 mm distal to the PCI site. The catheter was automatically retracted at 0.5 mm/s and IVUS measurements were recorded on super VHS videotape and quantified offline. Plaque volume was assessed by volumetric analysis using a Netra 3D IVUS system (ScImage, CA, USA). Baseline and follow-up IVUS images were reviewed side-byside on a display and target segments were selected. One target segment was determined at a non-PCI site that was 5 mm proximal to the PCI site with a reproducible index side branch. Plaque was measured to determine those that were as close to 10 mm in length as possible. Segments with obvious calcification or tortuosity were avoided. An independent experienced IVUS investigator who was blinded to the patient groups and angiographic results quantified data that included vessel, lumen and plaque volumes. Standard measurements included lesion length, vessel and lumen volumes. Plaque volume was calculated as vessel volume minus lumen volume. The %change in plaque volume was defined as a change in plaque volume (follow-up minus baseline plaque volume) divided by baseline plaque volume.
Quantitative Coronary Analysis
All coronary angiographic images were analyzed at our institution using a Cardiovascular Angiography Analysis System (CAAS ; Pie Medical Imaging, Maastricht, The Netherlands). Experienced technicians supervised by an expert physician performed quantitative coronary analysis (QCA) of matched projections from baseline and follow-up coronary angiographic images. Reference sites were measured in every patient.
Statistical Analysis
Continuous variables are expressed as the means SD. Data from two independent groups were compared using a t -test or the Wilcoxon rank-sum test and intra-group data were analyzed using a paired t -test or the Wilcoxon signed-rank test. Categorical data were tabulated as frequencies and percentages and compared using the 2 test or Fisher's exact test. Event-free survival probabilities for MACCE were estimated using the Kaplan-Meier method and group differences were assessed using a log-rank test. Hazard ratios for each variable were calculated using a Cox proportional hazards model that included plaque regression, age, gender, BMI, hypertension, diabetes and type of ACS as variables. A two-sided p-value of 0.05 was considered significant. All data were analyzed using JMP version 7.0 for Windows (SAS Institute, Cary, NC).
Results
Characteristics of Study Subjects
Of the 114 patients who completed IVUS twice during the Extended-ESTABLISH trial, 86 (75.4%) were included in the present study. We excluded 28 patients (24.6%) if they had no adequate plaque lesions to evaluate (insufficient plaque, too short at the proximal site or poor IVUS imaging quality). Accordingly, we assessed changes in plaques using IVUS in 86 patients (mean age, 62.9 9.0 years; male, n 71; 82.5%) with ACS who underwent percutaneous coronary intervention. Plaques regressed and progressed in 55 (64.0%) and 31 (36.0%) of these patients, respectively. Baseline features at the time of ACS occurrence were similar between the two groups. Factors related to ACS, such as classification and culprit vessels, did not significantly differ between the groups. More patients were assigned to receive atorvastatin (20 mg/day) during the first 6 months in the Extended-ESTABLISH trial in the regression group than in the progression group (n 34, 61.8% vs. n 6, 19.4%, p 0.001) ( Table 1 ). All patients in both groups were treated after 6 months with statins, and the dose and type (including atorvastatin, pitavastatin, pravastatin, simvastatin and fluvastatin) were appropriately changed for optimal lipid management. At 6 months after the IVUS study (that is, 1 year after ACS onset), statins were administered to both groups at the same frequency (86.7% vs. 84.3%, p 0.762). At that time, the mean LDL-C values were 87. Plaque and vessel volumes significantly decreased in regression group, whereas the number of vessels increased with increasing plaque volume in progression group. Percent changes in LDL-C from baseline in regression and progression groups were 24.0% and 6.6%, respectively. However, % change in HDL-C did not significantly differ between groups. Regression vs. progression, p 0.05. , p 0.103). However, the reference diameter was significantly decreased in the QCA analysis of both groups (regression, from 3.14 0.29 to 2.90 0.44 mm, p 0.001; progression, from 3.12 0.50 to 2.88 0.53 mm, p 0.001) ( Table 2 and Fig. 1) .
Changes in IVUS Findings
The level of LDL-C fell to a mean of 91.4 37. Table 3 ).
Clinical Events and Multivariate Analysis
Prognostic data were fully documented during the entire follow-up period (mean duration, 1736 589 days), during which MACCE developed in five (death, n 2; ACS, n 3) patients in the regression group and in eight (death, n 4; ACS, n 3; stroke, n 1) in the progression group (Fig. 2) . Six patients developed ACS during the follow-up period, although it was not associated with the position of the measured plaque. None of the six patients with recurrent ACS had obvious stent thrombosis and three developed an obvious clinical presentation and events associated with the index stent procedure (2 of 3 in the regression group and 1 of 3 in the progression group). The remaining three patients developed new-onset ACS in a different vessel from that in which plaque was measured. , p 0.001). Cumulative event-free survival was significantly higher in the regression group than in the progression group (p 0.032; log-rank test; Fig. 3) .
The results of analysis using the unadjusted Cox proportional hazards model showed that plaque Table 4 ). In addition, when a change in plaque volume was entered in the multivariate Cox proportional hazards model as a continuous variable, a reduction in plaque volume tended to be good predictor of MACCE (10% reduction in coronary plaque volume: HR 0.69, 95%CI 0.46-1.01, p 0.057).
Discussion
The present study showed that short-term plaque regression determined by IVUS is associated with a Plaques regressed in 64% of patients after ACS. More patients died or developed cardiovascular events (Black bars) in progression group (25.8%) than in regression group (9.1%) during follow up. Cumulative event-free survival was significantly higher in regression group than in progression group (Log-rank test, p 0.032).
lower rate of future cardiovascular events in patients with ACS. Furthermore, this association remained significant even after adjustment for clinically important covariates. To our knowledge, this is the first study to evaluate the impact of plaque regression on the longterm prognosis of patients with ACS. Our IVUS findings showed that both plaque and vessel volumes significantly decreased in the regression group, whereas the quantity of vessels increased with increasing plaque volume in the progression group. Atherosclerosis primarily affects the arterial wall, with atherosclerotic plaque initially growing within an outwardly expanding vessel wall (positive remodeling) 14) . Our findings indicated that the remodeling processes in progressive and regressive patients were positive and negative, respectively. Owing to this process, disease progression is not angiographically detectable during the early stages of plaque accumulation when the increasing total number of vessels occupies an increasing proportion of the plaque mass. Although angiographically determined disease progression reflects clinical prognosis, the present study found that changes in quantitative reference angiographic findings were similar between the two groups, whereas IVUS identified plaque regression or progression 15, 16) . Therefore, evaluating coronary vessel remodeling by angiography can be difficult after ACS, whereas IVUS, which can reveal arteriosclerotic changes, is more versatile. Changes in plaque measured by IVUS should lead to early risk stratification of patients after ACS over the short term.
We also believe that the targets of plaque regression are similar to those of vulnerable plaque stabilization. Vulnerable plaque results in recurrent coronary vascular events more often among patients with ACS than with stable angina 17) . We speculate that intensive lipid management of vulnerable plaque composed of various lipid constituents would result in regression compared with stable plaque. Plaques that are prone to rupture are also most likely to regress 18) . A CT angiographic study showed that patients with positively remodeled coronary lesions accompanied by low attenuation plaque are at higher risk for ACS 19) . In addition, 39.5% of patients with ACS had other coronary plaque lesions derived from a culprit lesion related to the event 20) . Vulnerable plaque in non-target vessels is reportedly an important predictor of future critical cardiac events in IVUS studies 21) ; therefore, plaque regression in another coronary lesion could lead to the suppression of other events. We also considered that clinical outcome would be a more desirable and valid endpoint than simple plaque burden. Nicholls et al. recently reported results from six large serial IVUS imaging trials involving 4137 patients with established stable coronary artery disease who were followed up for an average of 21 months 22) . They identified a direct relationship between the burden of coronary atherosclerosis, its progression, and adverse cardiovascular events. We considered that the results of that pooled analysis revealed the prognostic significance of changes in stable plaque, whereas our findings reflect the significance of changes in unstable plaque. We thus consider that the findings of both studies demonstrate the importance of plaque progression or regression in serial IVUS studies to the clinical outcomes of patients with coronary artery disease. Consequently, the notion that coronary plaque regression could lead to an improved prognosis supports previous results.
Surrogate IVUS endpoints have recently been applied in several trials of treatment regimens based on statins for patients with coronary artery disease 4, 5) . These studies identified a close linear relationship between the degree of LDL-C reduction and changes in plaque volume. Furthermore, pleiotropic statins evidently improve endothelial dysfunction, inhibit inflammatory responses, stabilize atherosclerotic plaques and diminish smooth muscle cell accumulation and collagen deposition 18, 23) . These effects could explain the regression of atherosclerosis. Plaque regressed in about 80% of the patients enrolled in the present study who had been treated with atorvastatin. As a matter of course, we consider that the administration of statins to lower LDL-C levels is the most effective strategy for treating atherosclerotic changes such as plaque regression. We similarly postulate that blood pressure plays an important role in the promotion of coronary artery disease. Chhatriwalla et al. found the most attenuation of coronary plaque progression in patients with very low LDL-C ( ≤ 70 mg/dL) together with normal systolic blood pressure ( ≤ 120 mmHg) 24) . The results of another large pooled analysis also found that despite achieving intensive control of LDL-C, plaque continued to progress in 20% of patients with coronary artery disease 25) . That report also showed that these patients were more likely to progress if they had diabetes, greater increases in systolic blood pressure and smaller increases in HDL-C. Thus, we believe that these results not only provide important information about the effects of LDL-C and blood pressure on cardiovascular disease but also support the significance of multifactorial treatment for global risk in patients with coronary artery diseases including ACS.
Several limitations are associated with this study. Firstly, only 86 patients with ACS participated. Although our data are still useful because we evaluated prognosis from a novel viewpoint, further large-scale studies are warranted. Secondly, we used grayscale IVUS, so plaque composition was not evaluated; however, we believe that a reduction in the quantity of plaque approximates plaque stabilization. Future studies should evaluate the value of information generated from novel imaging techniques such as integrated backscatter and virtual histology, and whether these methods can detect changes in plaque composition as well as in plaque volume. Thirdly, we could not precisely evaluate the association among control of blood pressure, plaque volume change and clinical prognosis in the present study. Hence, the effects of multifactorial treatment, including cholesterol and blood pressure management, require further investigation to assess the prognostic significance of plaque regression.
In conclusion, plaque regression determined with volumetric IVUS over a period of 6 months predicted good long-term outcomes for patients with ACS. Furthermore, plaque regression could be a surrogate marker of prognosis from the early stage of ACS, while treatment aimed at plaque regression might improve long-term prognosis.
